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AE3ODYNAMIC CHARACTERISTICS IN PITCH AND SIDESLIP AT 
HIGH SUBSONIC SPEEDS OF A ~/~&-scAL;E MODEL OF 
THE GRUMMAN XFlOF AIRPLANE WITH WING 
SWEEPBACK OF 42.5O 
TED NO. NACA DE 354 
By Richard E. Kuhn and John W. Draper 
An investigation has been made at high subsonic speeds of the aero- 
dynamic'characteristics in pitch and sideslip of a l/l4-scale model of 
theMGrumman XFlOF airplane with a wing sweepback angle of 42.5'. The 
longitudinal stability characteristics (with the horizontal tail fixed ) 
indicate a pitch-up near the stall; however, this was somewhat alleviated 
by the addition of fins to the side of the fuselage below the horizontal 
tail. The original model configuration became directionally unstable for 
small sideslip angles at Mach numbers above 0.8; however, the instability 
was eliminated by several different modifications. 
INTRODUCTION 
The results of a free-flight test of a 1/7-scale rocket-powered model 
of the Grumman XFlOF-1 airplane (ref. 1) indicated the possibility of a 
deterioration of the directional stability at high subsonic speeds. There- 
fore, at the request of the Bureau of Aeronautics, Department of the Navy, 
an investigation of a l/l4-scale sting-mounted model was made in the 
Langley high-speed 7- by l0-foot tunnel to study the problem in more 
detail and to investigate means for correcting the condition. 
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The tests were designed primarily to investigate the lateral and 
directional stability characteristics of the configuration with a limited 
investigation of the longitudinal stability characteristics. The tests 
covered a Mach number range from 0.40 to 0,&, which corresponds to a 
6 6 Reynolds number range from 2.0 x 10 to 3.4 x 10 . In order to expedite 
the issuance of the results, the data are presented with only a limited 
discussion and analysis. 
COEFFICIENTS AND SYMBOLS 
The stability system of axes used in presentation of the data, 
together with an indication of the positive forces, moments, and angles 
are presented in figure 1. All moments are referred to the center of 
gravity located at 25.4 percent M.A.C. as shown in figure 2. 
C~ lift coefficient, ~ i f t / ~ ~  
C~ drag coefficient , Drag/@3 
Cm pitching-moment coefficient, Pitching moment/qsc" 
2 rolling-moment coefficient , Rolling moment/qSb 
C! n yawing-moment coefficient , Yawing moment/q~b 
Y lateral-force coefficient, Lateral force/qs 
pv2 free-stream dynamic pressure, ----, lb/sq f t 
2 
P mass density of air, slugs/cu ft 
V free-stream velocity, ft/sec 
S wing area, sq ft 
W/S wing loading, lb/sq ft 
b wing span, ft 
- 
c mean aerodynamic chord, ft 
M Mach number 
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R Reynolds number, based on mean aerodynamic chord 
a angle of attack, deg 
P angle of s idesl ip ,  deg 
6 control  deflection, deg 
longitudinal distance from center of gravity, p a r a l l e l  t o  
fuselage reference l ine,  f t  
height above fuselage reference l ine,  f t  
angle of downwash, deg 
angle of sidewash, deg 
aspect r a t i o  
effect ive aspect r a t i o  
r a t i o  of wing height (perpendicular distance from fuselage 
center l i n e  t o  wing chord plane, posi t ive when wing is above 
fuselage) t o  maximum diameter of fuselage 
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pitching-moment effectiveness of horizontal t a i l ,  per degree 
incidence of horizontal- ta i l  assembly, deg 
MODEL AND APPARATUS 
A three-view drawing of the model a s  tes ted is  shown i n  f igure  2. 
Sketches of the modifications t o  the model as tested a r e  shown i n  f i g -  
ure 3 .  The model differed from the airplane i n  tha t  the s ide  a i r  i n l e t s  
were closed and f a i r ed  in to  the nose of the model. There was no in terna l  
flow i n  the model. Also, the airplane has  a f ree-f loat ing horizontal 
t a i l  which is  controlled by. the small canard surface. The p i l o t ' s  controls 
a re  linked t o  the canard through a spring tab arrangement. For the model 
used in  the present investigation ( i n  order t o  expedite construction), the 
horizontal  t a i l  was s e t  a t  predetermined angles which were suggested by 
the manufacturer. 
The model was constructed by the Langley model shops and was of com- 
posi te  construction. The wings, ve r t i ca l  t a i l ,  fuselage, and t a i l  boom 
were constructed using s t e e l  cores t o  carry the loads and covered with 
wood, Paraplex, and Fiberglas t o  give the desired contour. The horizontal 
t a i l  surfaces were cut  from sol id  brass stock. The incidence of the s t a -  
b i l i z e r ,  boom, and canard surfaces w a s  varied by the use of interchangeable 
incidence blocks while the deflection of the s t ab i l i ze r  f l a p  was changed 
by bending the web-type support member a t  the hinge l ine .  The horizontal- 
t a i l  assembly was tested a t  two a l t i t udes  (0' and -4O angle of incidence) 
which were obtained by se t t ing  the angle of incidence of the individual 
components of the assembly a s  follows: 
The model was  tes ted on the sting-type support system as shown i n  
f igure  4, With t h i s  support system the model can be remotely operated 
through a 28' angle range i n  the  plane of the support s t r u t .  By u t i l i -  
zation of couplings i n  the s t ing  behind the model, the model can be ro l led  
through p0 so tha t  e i ther  the angle of a t tack a or the angle of side- 
s l i p  j3 can be the remotely controlled variable. With the wings hori-  
zontal  (perpendicular t o  the plane of the support s t r u t ) ,  the  couplings 
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can be used t o  support the model a t  angles of s ides l ip  of 2', -2O, and 6' 
while the model is  tested through an angle-of-attack range. Forces and 
moments on the model were measured by an e l ec t r i c  strain-gage balance 
system mounted i n  the  model. 
TESTS AND CORRECTIONS 
The t e s t s  were made i n  the  Langley high-speed 7- by 10-foot tunnel 
through a Mach number range from approximately 0.40 t o  0.94 which corre- 
sponds t o  the t e s t  Reynolds numbers shown i n  f igure 5. The s i ze  of the  
model used caused the tunnel t o  choke a t  a corrected Mach number of about 
0.95. The blocking corrections which were applied were determined by the  
method of reference 2. 
The jet-boundary corrections which were applied t o  the angle of 
a t tack,  drag coeff ic ients ,  and pitching-moment coefficients were deter- 
mined by the method of reference 3. The corrections t o  l a t e r a l  force, 
yawing moment, and ro l l ing  moment were computed and were found t o  be 
negligible.  The angle of a t tack  and angle of s ides l ip  have been corrected 
f o r  the deflection of the balance and sting-support system under load. 
The drag data have been adjusted t o  correspond t o  a pressure a t  the  base 
of the fuselage equal t o  free-stream s t a t i c  pressure. For t h i s  correction, 
the base pressure was determined by measuring the pressure inside the fuse- 
lage a t  a point 9 inches forward of the base. 
Tare t e s t s  were not made f o r  t h i s  investigation but previous experi- 
ence has indicated that, f o r  a configuration i n  which the  ve r t i ca l  t a i l  
does not extend beyond the  fuselage base, the e f fec t  of the s t ing  support 
is negligible f o r  a l l  components except pitching moment and drag. For 
the  configuration involved here, however, it is possible that a small 
t a r e  t o  the direct ional  s t a b i l i t y  may be present. No pitching moment 
t a r e s  were applied. However, the  pitching moment t a r e  would take the 
form of a change i n  trim as a r e s u l t  of a change i n  flow angle a t  the 
t a i l  surface, and does not appreciably change the s t a b i l i t y .  This flow- 
angle change has been estimated t o  be of the order of lo or  less .  No 
correction f o r  drag t a r e  was  determined or applied t o  the data; however, 
experience has indicated the poss ib i l i t y  of a drag t a r e  which would tend 
t o  increase the drag values presented. 
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PRESENTATION OF RESULTS AND DISCUSSION 
The r e s u l t s  of the  investigation a r e  presented i n  the following 
f igures  : 
Figures 
Aerodynamic charac ter i s t ics  i n  pitch: 
Basic data - 
Original configuration . . . . . . . . . . . . . . . . 6 t o  10 
Effect of modifications . . . . . . . . . . . . . . . . . 11 t o  16 
S m y  data  - 
Lift-curve slopes . . . . . . . . . . . . . . . . . . . . 17 
Longitudinal s t a b i l i t y  data . . . . . , . . . . . . . . . 18 t o  23 
Pitching moment due t o  s ides l ip  . . . . . . . . . . . . . 24 
Drag data  . . . . . . . . . . . . . . . . . . . . . . . . 25 t o  30 
Aerodynamic charac ter i s t ics  i n  s idesl ip:  
Basic data - 
Original configuration . . . . . . . . . . . . . . . 
Modifications . . . . . . . . . . . . . . . . . . . 
Summary data  - 0 S tab i l i t y  derivatives, a = 0 
Low-speed and high-speed data  . . . . . . . . . . 
Original configuration . . . . . . . . . . . . . 
Modifications . . . . . . . . . . . . . . . . . . 
Effect of s t ab i l i ze r  incidence . . . . . . . . . . 
Effect of rocket booster and large vent ra l  f i n  . . 
S t a b i l i t y  derivatives, a = -4' t o  14' a . . . . . . 
Effect  of wing sidewash or v e r t i c a l - t a i l  efficiency 
Effective aspect r a t i o  of v e r t i c a l  t a i l  . . . . . . 
Center of pressure of ver t ica l - ta i l  contribution . . 
Unsteady force cha,racteristics of the model . . . , . . . . . 48 
The following system was used i n  identifying the  components f o r  a l l  
modifications tested:  
F Fuselage alone 
WF Wing and fuselage 
WFV Wing, fuselage, and ve r t i ca l  t a i l  
FVR Fuselage, ve r t i ca l  tail, and horizontal  t a i l  
FV Fuselage and ver t i ca l  t a i l  
WFVH Complete model: Wing, fuselage, ve r t i ca l  tail ,  and horizontal 
t a i l  
The r e s u l t s  a r e  presented without detai led analysis or  discussion. 
Only a few points of in te res t ,  which have come t o  the a t ten t ion  of the 
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authors during the reduction and assembly of these data, will be pre- 
sented here. 
Aerodynamic Characteristics in Pitch 
Lift characteristics.- It is of interest to note that, for the con- 
figuration, with the external stores installed (modification 12), the 
large "bucket" in the variation of lift-curve slope with Mach number . 
(fig. 17) occurs at Mach numbers at which a perceptible decrease in the 
angle of attack for zero lift occurs (fig. 15). This may indicate a ten- 
dency toward choking of the flow in the channel between the pylon and the 
fuselage. 
Pitching-moment characteristics.- The Grumman XFlOF airplane has a 
free-floating tail, while the model used in this investigation was tested 
with the horizontal-tail assembly at fixed incidence settings. However, 
although not exactly representative of the airplane, some general com- 
parisons concerning the longitudinal stability can be made. 
The effects of a change of horizontal-tail incidence from O0 to -4' 
were investigated and the results are presented in figure 18 for two con- 
figurations. The differences between the results for the two configura- 
tions probably are a result of difficulties experienced in setting the 
angle of the stabilizer flap, which was bent into position, and are pro- 
bably not associated with the change of configuration. 
The variation of pitching-moment coefficient with lift coefficient 
for the'basic configuration (fig. 6) indicated a sharp pitch-up tendency 
at lift coefficients approaching the stall. This pitch-up is also present 
to a lesser extent in the horizontal tail-off data of figures 7 and 8, It 
is possible that the free-floating feature of the tail on the airplane will 
have a tendency to alleviate this pitch-up. Installation of the horizontal 
fuselage fins reduced the high-lift instability (compare figs. 6 and 11). 
The pitching moment due to sideslip is presented in figure 24. At 
small angles the change in pitching-moment coefficient is insignificant. 
At the larger angles it amounts to about lo to 1.5' of stabilizer dis- 
placement. 
Drag characteristics.- Some difficulty was experienced during the 
routine tests in measuring the drag as accurately as desired by the regu- 
lar test procedure. Because of this difficulty, special tests were run 
with the model at zero angle of attack and measurements of the drag made 
through the Mach number range. Care was taken to establish the correct 
Mach number and the time required for a test was short so that the balance 
zero drift was minimized in obtaining minimum drag data. The results of 
1 
I 
these tests are presented in figures 25 and 26, It can be noted that the 
1 
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ins ta l l a t ion  of the fuselage s ide f i n s  (modification 8) had l i t t l e  e f fec t  
on the  Mach number a t  which drag began t o  r i s e  appreciably whereas the 
deteriorating ef fec t  of the ins ta l la t ion  of the  external wing stores  
(modification 12) is  readily apparent. 
The drag due t o  lift fo r  the  wing-fuselage a t  various Mach numbers 
is presented in  f igure 27. The deteriorating ef fec ts  of Mach number a r e  
c l ea r ly  shown, although up t o  about a l i f t  coefficient of 0.2 the drag 
is about as low as predicted by theory. The increment of drag a t  zero 
angle of a t tack  due t o  a 4' deflection of the s t ab i l i ze r  is presented i n  
f igure 28. This increment is large when compared with the  expected 
induced drag due t o  the  l i f t  carried by the s t ab i l i ze r  and canard surface 
a t  t h i s  angle and is probably due t o  some bad flow character is t ics  i n  the  
juncture of the ve r t i ca l  t a i l  and the horizontal t a i l .  
The drag of the  fuselage ( f ig .  26) appears high. When the drag 
coeff icient  is  based on the fuselage surface area of 4.25 square f e e t  it 
has a value of 0.0038 a t  low Mach number. Results obtained on a cleaner 
fuselage design ( ref .  6 ) ,  when based on the fuselage surface ar;?a, indi- 
ca te  a drag coefficient of only 0.0025. 
A The parameter -, which is important f o r  the range of jet-propelled 
CD 
a i r c r a f t  ( re f .  7), is presented i n  f igure 29 f o r  the basic configuration. 
This parameter is part icular ly sensi t ive t o  small changes i n  minimum drag 
a,nd therefore it was necessary, f o r  the preparation of t h i s  figure, t o  
adjust  the drag data of f igure 6 t o  the minimum drag values shown i n  f i g -  
& 1 ure 25. The range parameter -- for  leve l  f l i g h t  a t  sea level  and 
C~ 
a t  40,000 fee t  is presented in  f igure 30. The advantages of cruising a t  
values of a re  qui te  apparent. %k 
Lateral S tabi l i ty  Characteristics 
The investigation of the  l a t e r a l  s t a b i l i t y  character is t ics  showed 
tha t  the basic model had low direct ional  s t a b i l i t y  i n  the low Mach number 
range - becoming unstable a t  M = 0.80 as  shown i n  figures 31 and 36, 
Figure 35 shows the complete-model data of figure 36 extended in to  the 
lower speed range by t e s t s  of a 117-scale model (constructed as  a rocket 
t e s t  vehicle) i n  the Langley 300 mph 7- by 10-foot tunnel. In  breakdown 
t e s t s  ( f ig .  31) it was established tha t  sidewash from the wing ( f ig .  43) 
caused a large reduction of direct ional  s t a b i l i t y  and that the  end-plate 
e f fec t  of the horizontal t a i l  was greater than would be predicted by 
reference 9 ( f ig .  45) . 
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The r e s u l t  of the modification t e s t s  ( f igs .  32 t o  34 and 37 t o  40) 
showed t h a t  several of the changes would reduce the nonlinearity of the  
yawing moment through $ = O0 and would increase the d i rec t ional  sta- 
b i l i t y  t o  a sa t i s fac tory  value through the  Mach number range. The v e r t i -  
c a l  t a i l  end p la t e  (modification 13) and fuselage s ide f i n s  (modifica- 
t i on  11) proved t o  be sa t i s fac tory  modifications and could probably be 
eas i ly  ins ta l led  on the airplane. It is possible tha t  increases i n  Rey- 
nolds number a l so  would increase the direct ional  s t a b i l i t y  of the airplane 
t o  a more sa t i s fac tory  value. 
Modifications 15 and 16 were tested i n  conjunction with the  rocket- 
model t e s t  program. The large ventral  f i n  was proposed t o  insure direc- 
t i ona l  s t a b i l i t y  of the rocket-powered model while studying the longi- 
tudinal  s t a b i l i t y  and a lso  t o  serve a s  a means of ro t a t ing  the pr inc ipa l  
axis  of the rocket model t o  correspond t o  t h a t  of the  airplane ( r e f .  1 ) .  
The model was tes ted  i n  the presence of a simulated rocket booster t o  
determine i f  there were any interference e f fec t s  of the booster on the 
model a t  booster separation. 
Plots of the v e r t i c a l - t a i l  efficiency fac tor  obtained by the  method 
of reference 8 a r e  presented i n  f igure  43. The effect ive aspect r a t i o s  
of the  v e r t i c a l  t a i l  f o r  various configurations, obtained by the  method 
of reference 9, a r e  presented i n  f igures  44 and 45. Figures 46 and 47 
show the center-of-pressure location obtained from the equations 
2 ' (Mn$)~ert ical  t a i l  
A(CY')Vertical t a i l  
and 
h 
- = 
(Ey$Xertical t a i l  
A summary of the  e f fec ts  of the various mod'ifications on d i rec t ional  
s t a b i l i t y  is shown i n  tab le  I. 
INFORMATION RELATIVE TO BUFFETING 
A n  e f f o r t  has been made t o  obtain some information which might be of 
in t e re s t  with regard t o  the possible buffeting charac ter i s t ics  of the air- 
plane. The model-induced f luctuat ions of the balance readings have been 
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examined and a boundary of l i f t  coeff ic ient  and Mach number above which 
severe f luctuat ions were encountered is presented i n  f igure  48. These 
f luctuat ions were most severe in  the drag data, probably because the 
drag balance was the most sensit ive.  They appear t o  be def in i te ly  model 
induced ra ther  than tunnel induced and a r e  probably a re f lec t ion  of flow 
separation or turbulence on the  model. It would be expected, therefore, 
that t h i s  boundary would show some relat ionship t o  the l i f t  coeff ic ient  
a t  which the  f i rs t  departure from the l inear  var iat ion of the l i f t  curve 
occurs. This comparison is presented i n  f igure  48. 
These f luctuat ions did not seriously a f f e c t  the determination of 
average values of the forces a t  any angle of a t tack but a r e  presented 
here because they may have some bearing on the buffet  character is t ics  of 
the airplane. 
CONCLUDING REMARKS 
An investigation of the aerodynamic character is t ics  i n  p i tch  and 
s ides l ip  of a 1114-scale model of the Grumman X F l O F  airplane i n  the swept- 
wing condition with the hor izonta l - ta i l  assembly fixed indicates a pitch-up 
near the s t a l l ;  however, t h i s  was somewhat al leviated by the addition of 
f i n s  t o  the  s ide of the fuselage below the horizontal t a i l .  The or ig ina l  
model configuration became direct ional ly unstable f o r  small s ides l ip  
angles a t  Mach numbers above 0.8; however, the i n s t a b i l i t y  was  eliminated 
by several  d i f fe rent  modifications investigated, of which fuselage s ide 
f i n s  and a v e r t i c a l  t a i l  end p la t e  may be the most prac t ica l .  
Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 
Langley Field, Va.,  June 30, 1953. 
Richard E. Kuhn 
Aeronautical Engineer 
Aeronautical Research Scient i s t  
Thomas A. Harris 
mhg 
Chief of S tab i l i t y  Research Division 
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TABL E 1 CONCLUDED 
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Figure 1.- Sketch showing positive direction of forcesl moments, angles, 
and velocity. 
tobilizer flop hinge line 
Scole , inches 
Pertinent Dot0 
Wing 
Areo sqft 2290 
Aspect rofio 2990 
Sweep (%J 42500 
Toper rotio 0.750 
airfoil section(stmmwise) 64A(008/ 009  
lnc~idnce, deg 0 
Verticol toil 
Areo sq f f  
Aspect mtio 
Sweep(%) deg 
Toper rotio 
Airfoil section (streamwiseJ 
Horizonto1 toi l  
Siobililw 
Area sq f t  
Aspect rotio 
Sweep(L.E)deg 
Toper rofio 
Airfoil section (s freomwik?) 
Conord 
Areo sq f f  
Aspect rofio 
Sweep(L. Ejdeg 
Toper rotio 
Airfoil section(sf~?omw~se) , 
Figure 2. - 1/14-scale model of the XFlOF airplane. 
Basic Model 
Mcdificatlan I 
(Exten&d vertical toill 
Modification 2 
(Ex fended vertical tailand 
straight-base extenkd fuseIopeJ 
Mod/fication 3 
(stra~ght-base xtended fuselageJ 
Modification 4 
/Slant-base extend& fusehgd 
Modification 6 
I Ventral f in )  
Modification 8 
/~use/oge-side fins) 
Modificatior, 9 
Under- to// fins 
'-4 A-A 
B-B 
vyy-: ' C-C 
-_-I- --&--- 
(a) ~asic model and modifications 1 to 9. 
Figure 3 .  - Sketches of modification to 1/14-scale XFlOF model. 
Modificotion iO 
(Enlarged vertical tail/ 
Modification 11 
(Modification I 0  wifh - f$ modified fuselage fins/ 
Modification 12 
(Modification l l  with 
~xternat wing stores) 
A-A 
Modification 13 
fModificatian 10 wifh 
jet &flecition end plate) t-- - TE 
Modificotion 14 
(Modiwt ion I 0  witb 
vert~cal- fa11 fence) 
Modif~cotion 15 
(Modificot~on 10 with 
large ventral fin/ 1 
Modification 16 
/Modficofion 10 with 
rocket model boaster - 
simuloted~ 
(b) Modifications 10 t o  16. 
\ Figure 3 . -  Conkinued. 
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Modifimtion 17 
/Modifictbn I0 with 
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Modificatlbn 18 A-A 
/Modification 10 with 
thick fraili$wdge on 
vert~cal fa1 ) 
Modification I9 
(Modification I0 with 
vertical tail trailing-edge 
strips) -- 
Fine grain corborundum 
Modification 20 
(Modification lo with 
vertical tail transition - f1;uecf~ 
(c )  Modifications 17 t o  20. 
Figure 3 . -  Concluded. 
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Figure 4.- Concluded; 
Mach number,  M 
Figure 5.-  Variation of Reynolds number with Mach number fo r  t e s t s  of 
the 1/14-scale model of the XFlOF airplane. 
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(a) Lift. 
Figure 6,- Aerodynamic characteristics in pitch of the basic model, 
j3 = oO; it = 0'. 
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(a) Lift, 
Figure 7,- Aerodynamic characteristics in pitch of the wing-fuselage- 
vertical tail of the basic model. fl = 0'.
Angle of attach, 0 , deg Lif P coefficientR CL 
(b) Drag. 
Figure 7.- Continued. 
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Figure 8. 
(a) Lift. 
- Aerodynamic characteristics in pitch of the wing fuselage of 
the basic model. p = 0'. 
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(a)' Lift, 
Figure 9.- Aerodynamic characteristics in pitch of the fuselage alone. 
p = oO. 
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(b) Drag. 
Figure 9.- Continued. 
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( c) Pitching moment. 
Figure 9.  - concluded. 
Figure 10.- Aerodynamic characteristics in pitch of the basic model. 
j3 = oO; it = -40. 
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(a) Lift. 
Figwe 11,- Aerodynamic characteristics in pitch of the vertical-tail 
configuration with fuselage side fins (modification 8) . f! = 0'; 
it = 0'. 
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(a) Lift, 
Figure 12,- Aerodynamic characteristics in pitch of the enlarged-vertical- 
0 tail configuration (modification 10). P = 0 ; $ = 0'. 


(a) Lift. 
Figure 13.- Aerodynamic characteristics in pitch of the enlarged-vertical- 
0. tail configuration with fuselage side fins (modification 11) . P = 0 , 
it = oO. 
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(a) Lift. 
Figure 14.- Aerodynamic characteristics in pitch of the enlarged-vertical- 
tail configuration with fuselage side fins (modification 11). p = 0'; 
it = -4'. 
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(a) Lift. 
Figure 15. - Aerodynamic characteristics in pitch of the enlarged-vertical- 
tail configuration with fuselage side fins and wing stores (modif i- 
O it = oO. cation 12) . P = O ; 
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(a) Lift. 
Figure 16. - Aerodynamic characteristics in pitch of the enlarged-vertical- 
tail configuration (modification 11) . p = 6'; it = oO. 
Li f t  coefficient ,q 
Angle of u9tuck,cr, deg 
(b) Drag. 
Figure 16. - Continued. 
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Figure 17.- Variation of the l i f t -curve slope fo r  several configurations 
with Mach number and a comparison with wing alone theory. a = 0'. 
WFVH (Basic) 
----- u (M~dl f l~~f ion /I) 
Angle of offock, 0 ,  deg 
Figure 18.- Variation of s t ab i l i ze r  effectiveness with angle of a t tack 
f o r  the  basic  and modification 11 configurations. = 0'. 
8 4 8 12 16 20  24 
Angle o f  a8tack, cc , deg 
Figure 19.- Variation of downwash angle E a t  the horizontal- ta i l  
posit ion of the basic model. 
WFVH (Basic) 
0- C 
-- down a 6 , 9 ,8 
Mach n u m b e r ,  M 
Figure 20.- Variation of s t ab i l i ze r  posit ion required f o r  trim f l i g h t  
through the Mach number range f o r  the basic  and modification 11 
configurations a t  sea l eve l  and a t  an a l t i t ude  of 40,090 f e e t ,  
W/S = 60 pounds per square foot .  
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Figure 22. - Variation of d%/dcL with l.%~ch number f o r  several configu- 
rat ions of the  model. a = 0'. 
Figure 23.- Slope of the pitching-moment curve with angle of a t tack f o r  
the fuselage alone, a = 0'. 
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.e 24.- Variation of pitching moment with s ides l ip  f o r  the basic 
0 model (WF\TR). a = 0 . 
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Figure 26. - Minimum drag fo r  various components of modification 10 con- 
0 figurations . a = 0 . 
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Figure 27.- Drag due to lift for the Mach number range tested for t$e 
wing-fuselage configuration. 
NACA RM SL53G20 
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Figure 28.- Drag increments on the  basic  model due t o  s t a b i l i z e r  deflec- 
t ion,  v e r t i c a l  and horizontal  t a i l s ,  and wing. a = 0'. 
Lif t  coefficient, 
F i w e  29.- Variation of the  \I CL/% portion of the jet-airplane range 
parameter through the l i f t  and Mach number range. it = 0'. 
Mach number , M 
CL 1 Figure 30.- Jet-airplane range parameter 
- - sea level and at 6 7 2  
an a l t i tude  of 40,000 f e e t  through the Mach'nwnber range, trimmed 
f l i g h t .  W/S = 60 pounds per square foot.  
NACA 
~
~
5
3
~
2
0
 
C
O
E
~FID
~IA
L
 
NACA RM
 SL53G20 
CONFIDENTIAL 
CONFIDENTIAL 
s 
NACA 
B
 
s
 
RM SL'j3G20 
CONFIDENTIAL 
NACA RM
 SL53G
20 
C
O
N
FID
~T
IA
L
 
M 
.94 
M 
.94 0 0 .92 
.92 o 0 .90 
.90 0 0 6 .85 
%. 
.&T 0 0 .% $ .80 
'a 
0 
.80 h 0 2 ~ 2  .70 
S 
s 
.70 A 0 5 .o/ .50 
b 
.C B
.50 0 0 
: o/ 
-8  - 4  0 4 8 /2 
&gle of sideslip, B, deg 
(e)  Fuselage, vertical tail, and horizontal tail. 
-4  0 4 8 12 
Angle of sideslip, ,8, deg 
Figure 31. - Concluded. 
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( e) Modification 5; straight-base fuselage extension 
with dorsal fin. 
Figure 32.- Continued. 
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(d) Modification 12 (modification 11 with wing stores) ; a = 0'.
Figure 34.- Continued. 
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(h) Modification 16; separated rocket model booster; a = 0'.
Figure 34.- Continued. 
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Figure 35.- Comparison of the directional stability characteristics of 
a 117-scale model tested in the 300 MPR tunnel and a 1/14-scale model 
tested in the high-speed tunnel. a = 0'; it = 0'. 
0 FWVH 
FW 
0 F W V  
a F 
k F V H  
Mach number, M 
Figure 36. - Lateral stability characteristics of components of the basic 
model. a = 0'; it = 0'.
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(a) Fuselage extens ions. 
Figure 37.- The effects of modifications on the lateral stability char- 
acteristics of the basic model with original vertical tail, a = 0'; 
it = oO. 
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(b) Dorsal fin. 
Figure 37. - Continued. 
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( c) Ventral fin; horizontal tail tip fins. 
Figure 37.- Continued. 
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(d)  Ver t i c a l  t a i l  extension. 
Figure 37.- Continued. 
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(e )  Wing fillets, 
Figure 37.- Continued, 
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(f) Vertical tail size. 
Figure 37.- Concluded. 
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Figure 38.- Lateral stability characteristics of components of the large 
vertical tail configuration (modification 10) . a = OO; it = 0'.
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(a)  Stabi l izer  incidence. 
Figure 39.- The ef fec t  of modifications on the  l a t e r a l  s t a b i l i t y  char- 
ac te r i s t i c s  of the model with enlarged ve r t i ca l  t a i l .  
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(b) Fuselage side fins. 
Figure 39.- Continued. 
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(c) Fuselage side fins; a = 0' and a = 6'. 
Figure 39. - Continued. 
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(d) Wing and fuselage s ide f ins .  
Figure 39.- Continued. 
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(e) Wing stores. 
Figure 39.- Continued. 
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( f )  Closed tunnel a t  intersection of ver t ica l  and horizontal ta i l .  
Figure 39 - Continued. 
lWCA RM SL53G20 CONFIDENTIAL 
4 -5 .6 .7 .8 .9 1.0 
Moth number, M 
( g )  Increased trailing edge thickness of vertical tail. 
Figure 39.- Concluded. 
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Figure 40.- Lateral  s t a b i l i t y  character is t ics  of modifications t o  the 
enlarged ve r t i ca l  t a i l :  end plate ,  t r a i l i n g  edge s t r ip s ,  fin fences, 
and fixed t rans i t ion  on the ve r t i ca l  t a i l .  a = oO; it = 0'. 
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Figure 41.- Lateral  s t a b i l i t y  character is t ics  of the complete model with 
a large ventral  f i n  and with the rocket booster a t  separation. a = 0'; 
0 i t = O .  
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Figure 42.- Lateral stability characteristics of the basic model and 
modification 11 through the angle-of-attack range. Flagged symbols 
indicate data presented in figures 36 and 39(c) 
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Figure 43.- Variation of ve r t i ca l  t a i l  efficiency factor  with Mach number 
as  calculated f o r  the basic  model configuration by the method of re f -  
erence 8. a = oO. 
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Figure 44.- The effect ive aspect r a t i o  of the  basic ve r t i ca l  t a i l  with 
some modifications, calculated for  the wing-off configuration. a = 0'. 
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Figure 45. - 
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The ef fec t  of the horizontal t a i l  on the effect ive aspect 
the basic and modification 10 ve r t i ca l  t a i l s .  a = 0'. 
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Figure 47*- The effect of the wing on the center-of-pressure location 
of the vertical tail of the basic model, a = oO; it = oO. 
Figure 48.- Comparison of the lift coefficient corresponding to the first 
break in the lift curve and lift coefficient above which unsteady drag 
forces were observed. 
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